ABSTRACT: Studies of fescue toxicosis using whole seed diets show reduced feed intake and thermoregulatory ability, but much of the seed passes undigested through the animal. Cattle were fed ground tall fescue seed at different levels to potentially facilitate digestion and absorption of toxins and identify toxin sensitivity for major characteristics of the condition [i.e., hyperthermia, reduced feed intake (FI), reduced blood prolactin]. Steers (n = 18; 350 kg BW) were housed in the Brody Climatology Laboratory at thermoneutrality (TN; 19°C) and randomly assigned to daily diet treatments with either ground endophyteinfected [E+; low and high doses at 20 and 40 μg ergovaline/(kg BW/d), respectively] or endophytefree [E-; control at 0 μg ergovaline/(kg BW/d)] tall fescue seed. After 12 d at TN, animals received 2 d of transition to heat stress (HS; 36°C daytime, 25°C nighttime) and maintained for 14 more days. Cattle were fed twice daily at 0800 and 1600 h, with water ad libitum. Feed intake was measured at 0700 h, with skin and rectal temperatures, and respiration rate at 0600, 1100, 1600, and 2100 h. Blood was sampled on selected days for prolactin and leptin determinations.
INTRODUCTION
Indicators of fescue toxicosis have been identifi ed in recent reviews (Oliver, 2005; Spiers et al., 2005b) . Hyperthermia occurs in laboratory (Al-Haidary et al., FI, and growth rate might be reliable indicators of fescue toxicosis.
A biochemical indicator of fescue toxicosis is blood prolactin concentration. A recent review of blood variables associated with fescue toxicosis (Oliver, 2005) showed that serum prolactin decreases more than 16-fold in steers on E+ fescue pasture. Although there are no studies of the impact of fescue toxicosis on blood leptin concentration, it is also potentially a key variable, given it is an important "adipostat" for the reduction in FI, with close connection to energy expenditure and BW gain (Barb et al., 1998; Friedman and Halaas, 1998; Rabe et al., 2008) . More importantly, it may be related to an increase in core body temperature (Luheshi et al., 1999) .
One primary goal of the present study was to determine if administration of ground E+ fescue seed enhanced the previously reported response to whole seed. The logic is that dietary administration of ergovaline (EV), a primary ergopeptine alkaloid and toxin found in endophyte-infected tall fescue, might increase absorption. Likewise, traditional indicators of fescue toxicosis were evaluated using diets with "high" and "low" EV concentrations to identify responsiveness and potential usefulness as markers of fescue toxicosis.
MATERIALS AND METHODS
Animal use in this study was approved by the University of Missouri-Columbia Animal Care and Use Committee.
Animals
Eighteen Angus steers (350 kg average BW, 350 ± 11 kg) were brought to the University of Missouri South Farm 2 mo before entry into the Brody Environmental Center to begin halter-breaking procedures. Adjustment to the diet used in this study was accomplished by placing animals on the diet (Table 1) , with endophyte-free fescue seed, 2 wk before movement to individual stanchions in environmental chambers within the Brody Environmental Center. Once in the chambers, animals were maintained on the same diet for 6 d for adjustment to nonstress environmental conditions. All measurements began after 4 d in the chambers (i.e., d 1 of study), with the introduction of treatment diets after 6 d (i.e., d 3 of study; Figure 1 ). Animals were individually fed the diet (Table 1 ) at ~0800 and 1600 h. Water was provided ad libitum.
Air temperature (T a ) was initially maintained at thermoneutrality (TN; 19°C; Yousef, 1985) , along with percent relative humidity (RH) set at ≤50% (Figure 1 ). These conditions were maintained for 12 d (i.e., up to the start of d 10) before heat stress (HS) to ensure there was adequate time to acclimate to surroundings. Daily, lights automatically came on at 0600 h and went off at 2200 h. On d 10 and 11, T a was increased by ~8°C/d until full HS level was obtained. This represented the TN to HS transition period. Under full HS condition, which began on d 12, T a cycled from 25°C at night to 36°C during the day, and this pattern was maintained for the remaining 14 d of the study (Figure 1 ). Air temperature and percent RH were continuously recorded using Onset Hobo Pro Series data loggers (Hobo H8 Pro; Onset Computer, Bourne, MA; accuracy: ± 0.2°C and ± 3% RH).
Treatments
Endophyte-infected (E+) tall fescue seed was obtained from Seed Research of Oregon (Festuca arundinacea 'Kentucky 31;' Corvallis, OR) and the E-tall fescue seed was purchased from Miller Seed Company ('FAWN'; Clinton, MO). Both E+ and Eseeds were tested to determine ergovaline concentration by HPLC (Rottinghaus et al., 1993 ) and found to be 3.5 mg/kg and undetectable, respectively. All fescue seed was free of Claviceps ergopeptine alkaloids and ground using a 2-mm screen in a large scale feed grinder (Fitzmill Model D, Fitzpatrick Company, Chicago, IL) .
Steers were randomly assigned to 1 of 3 treatment groups: control (E-; 0 μg EV
. Seed amount in the diet was determined based on initial BW and administered at this amount throughout the course of the study. This amount never exceeded 20% of the entire diet. The percentage of seed in the E+ high diet was twice that in the E+ low diet, with the control diet fed at a percentage equal to that of the E+ high diet. Both EV doses were greater than those used Vitamins A, D, and E 0.050 1 The endophyte-uninfected (E−) and endophyte-infected (E+) treatments were prepared using 'FAWN' (Miller's Seed Company, Clinton, MO) and 'KY-31' (Seed Research of Oregon, Corvallis, OR) fescue seed, respectively. Ground fescue seed was incorporated into a small portion of the diet to achieve levels of ergovaline (0, 20, 40 μg ergovaline kg −1 d −1 ) and fed to animals before administration of the remaining diet. In no case did the level of administered seed exceed 20% of the diet.
in earlier whole-seed diets that produced hyperthermia Burke et al., 2001 ; 10 μg EV • kg -1 BW • d -1 , Spiers et al., 2004 ) and a reduction in FI (Burke et al., 2001) . However, the 40 μg EV • kg -1 BW • d -1 used in the present study was also administered as whole seed in a recent study (Scharf et al., 2012) . The reason for the increased amount required to generate a fescue toxicosis-type response is due to improvement in the assay and evaluation of EV content in the seed that results from increased grinding of the seed and drying procedure. With less moisture in the seed, there is more EV per mass. Our approach when deciding on a proper dose to generate the fescue toxicosis condition has always been to use the most recent amount to elicit a response. In rat studies, the EV level is ~165 μg EV • kg -1 BW • d -1 , using ground seed (Kishore et al., 2012) . It is our conclusion that the relative dose is more important than the absolute one. We selected 40 μg EV • kg -1 BW • d -1 as the "high" level in the present study because we hypothesized that grinding the seed would result in more EV absorption and possibly push the cattle to a greater level of hyperthermia during HS than noted by Scharf et al. (2012) . A relative dose of 50% less (i.e., 20 μg EV • kg -1 BW • d -1 ) might actually be equivalent to the 40 μg EV • kg -1 BW • d -1 in seed form. Ultimately, this was not the case. Fortunately, the use of 2 doses of EV using seed from the same batch did allow for the separation of key indicators of fescue toxicosis (e.g., FI, blood prolactin level, skin temperature).
Measurements
Thermal status of steers was determined 4 times daily at 0600, 1100, 1600, and 2100 h. These measurement times were selected to identify thermoregulatory states of the animal at the coolest time of day (0600 h), during the increase in T a (1100 h), peak daily T a (1600 h), and during the decrease in T a (2100 h). Measurements included rectal temperature (T re ), skin temperature, and respiration rate (RR). Order of measurement was based on the sensitivity of each variable to disturbance. For this reason, RR was always measured fi rst, followed by skin temperature, and then T re . Rectal temperature was recorded using a stainless steel thermistor probe (Model 400 YSI, Inc., Yellow Springs, OH) connected to a calibrated, digital thermistor thermometer (Model 811-20; Cole-Parmer Instrument Company, Vernon Hills, IL). Skin temperature (T skin ) was measured at shaved sites on tail head (T tail ), rump (T rump ), shoulder (T shoulder ), and back side of left ear (T ear ), using a calibrated infrared thermometer (Model C-1600; Linear Laboratories, Fremont, CA). These sites were selected to include representatives of appendages or peripheral sites (i.e., T tail , T ear ), and trunk regions (i.e., T rump , T shoulder ). Respiration rate (breaths per minute; bpm) was visually determined by counting fl ank movements for 60 s.
Manual determination of FI occurred daily at 0700 h by subtracting any remaining feed from the amount given on the previous day. Steers were fed one-half of the daily ground fescue seed treatment mixed with a small portion of the diet after this time. After 20 to 30 min, the remaining ration of the morning diet was mixed in with any remaining fescue seed. A second feeding occurred at 1600 h, with steers receiving the second half of the daily treatment and diet, following the same protocol as used in the morning. Preliminary work determined that dividing the treatment diet into 2 offerings increased intake of seed and diet. Likewise, intake was improved during HS by use of a morning feeding when animals were cooler and their appetite was generally greater.
Blood samples (10 mL) were taken on d 2 (pretreatment TN), 9 (treatment TN), 15 (treatment early heat), and 23 (treatment late heat) of the study via jugular venipuncture. Blood was centrifuged, using a Sorvall RC3B Plus centrifuge at 7°C and 1,400 × g, for 25 min, with serum collected and stored at -20°C, until analyzed for prolactin and leptin concentrations (Rozell and Keisler, 1990; Delavaud et al., 2000) . All serum samples were assayed in triplicate and interassay and intra-assay CV for both assays were <5%.
Statistical Analyses
The data were analyzed as a repeated measures design, as outlined by Littell et Al. (1998) . The linear statistical model was a CRD Model that contained fi xed effects of treatment, day of study, time of day, and all possible interactions. The main plot effect was treatment, which was tested with random effect of animal identifi cation within treatment as the denominator of F. All other fi xed effects were tested using the residual error as the denominator of F. The PROC MIXED procedure was used (SAS Inst. Inc., Cary, NC) and mean differences were determined using the LSMEANS statement under the MIXED procedure.
All blood variables were analyzed using repeatedmeasures ANOVA procedure and standard least squares model fi t (JMP, SAS Inst. Inc.), as outlined by Littell et al. (1998) . Components of the statistical model included the fi xed effects of treatment, day of study, time of day, and treatment by day of study, treatment by time of day, time of day by day of study, and treatment by time of day by day of study interactions. The random effect of animal identifi cation within treatment was used as the denominator of F for testing treatment. Mean differences were determined using the Tukey-Kramer test (Zar, 1999) at P = 0.05, with all statements of signifi cance being P ≤ 0.05.
RESULTS AND DISCUSSION

Thermoneutral Response
Rectal Temperature. Mean T re for the control and experimental groups of cattle used in this study are shown in Figure 2 as a function of time. As expected, there was no difference (P = 0.81) in average T re of the 3 test groups over the fi rst 3 d of study, before initiation of treatment. Although T re increased (P ≤ 0.001) from d 1 (38.5°C) to 2 (38.7°C), it returned to d 1 level on d 3 (not shown). These values are within the range of normalcy for reported rectal (Chirase et al., 1991) or intraperitoneal (Lefcourt and Adams, 1996) temperatures. There was no daily change (P > 0.05) in T re throughout this period.
The treatment period at TN extended from d 3 through 9. Average daily T re (~38.7°C) changed (P ≤ 0.05) slightly after d 3. However, the change was <0.1 o C and did not constitute a physiologically signifi cant difference. Rectal temperature exhibited a daily increase (P ≤ 0.001) from 38.7°C (0600 to 1600 h) to 38.9°C (2100 h). However, this was expected with increases in heat production and, consequently, body heat content that occurs on a daily basis with digestion and processing of feed (Lefcourt and Adams, 1996) . Even though there was a day by treatment interaction (P = 0.0027), there was no difference between treatment groups on any particular day to suggest that E+ treatment had any effect on T re at TN. Several studies have reported the lack of an effect of an E+ diet on rectal temperature at TN. Hemken et al. (1981) fed Holstein calves E+ silage at 2 dosage levels at TN and observed no change in T re . Osborn et al. (1992) fed E+ hay and seed to Holstein steers at 21°C for 28 d and likewise saw no effect of this treatment on T re . Angus and Angus × Hereford heifers exhibited no change in T re from controls at TN after >28 d on an E+ seed diet (~9 μg EV • kg -1 BW Burke et al., 2001) . This would suggest that T re is not a reliable determinant of fescue toxicosis within the thermoneutral zone.
Skin Temperature. It is noted that in vivo exposures to ergopeptine alkaloids found in endophyte-infected tall fescue result in vasoconstriction of peripheral vasculature (reviewed by Thompson et al., 2001 ). However, there have been few in vivo studies that have examined changes over time in skin temperature of the trunk and extremity regions. The skin sites used in the present study were shoulder and rump for the trunk, and tail and ear for the extremity. Rankings of average T skin at TN on d 1 of the study were 32.0, 32.2, 32.4, and 32.6°C for ear, tail, rump, and shoulder sites, respectively (not shown). In every case, T skin decreased ~0.2°C to 0.5°C from d 1 to 2, with the decrease for tail, rump, and shoulder sites being signifi cant (P ≤ 0.05). For all T skin sites, there was no difference (P > 0.05) among treatments for d 2 and 3. It was during the pretreatment period that T skin for all sites increased (P ≤ 0.05) from 1600 to 2100 h. The magnitude of this increase ranged from 0.4 to 0.8°C, and occurred at the same time that average T a was decreasing by 0.6°C. Because T re did not increase from 1600 to 2100 h, it would suggest that the increased T skin refl ects an increased cutaneous blood fl ow and possibly heat loss with the potential outcome being a reduced increase in core body temperature. More importantly, there was no difference in T skin for the 3 treatment groups at any site before treatment.
Unlike the pretreatment period, there was no daily change (P > 0.05) in T skin of any skin site during TN exposure (i.e., d 3 to 9, Figure 3 ) when all groups were tested together. Skin temperature continued to decrease (P < 0.05) during this portion of treatment, even though T a fl uctuated only slightly with a reduction of 0.3°C from d 3 to 9. The magnitude of the reduction in T skin was 1.0, 1.3, 1.4, and 1.4°C for ear, tail, shoulder, and rump sites, respectively. This occurred at a time when there was not a similar reduction in T re (i.e., 0.1°C). Such a change in skin temperature at thermoneutrality has been observed by others in treated and untreated animals (Al-Haidary et al., 2001 ). Possibly, this represents an ongoing adaptation to the chamber environment.
There was no treatment effect (P > 0.05) on T skin during the treatment period at TN (Figure 3 ). This lack of response is similar to that seen in long-term studies by others (Osborn et al., 1992; Aldrich et al., 1993) . In addition, Zhang et al. (1994) showed that rats injected with ergovaline at TN did not exhibit an acute change in tail temperature that might suggest a reduction in blood fl ow to this region. Lack of change in T re and T skin of cattle in the present study when fed the E+ diet at TN would suggest that body temperature response, in general, is not a sensitive marker under this environmental condition.
Respiration Rate. In general, RR is measured as an avenue of heat loss that could be responsible for a noted change in core body temperature. It is not often measured daily throughout a study or at different times of day, as in the present study. Respiration rate during the pretreatment period of this study (not shown) did not change as a function of day or treatment group (P > 0.05). However, it did increase (P ≤ 0.029) from 0600 and 1100 h to 1600 and 2100 h during this period. Resting RR at TN was greater than in earlier studies (Osborn et al., 1992) . This can be attributed to several factors. Respiration rate is generally associated with excessive variation due to the fact that it is affected not only by thermal status but by mental disposition and surroundings. In addition, there are large breed differences as noted by Hollenbeck et al. (2003) . This might explain the differences between our study using Angus steers and the study by Osburn et al. (1992) using Holstein steers.
Before HS, there was a slight increase and decrease in RR, with no difference between treatments. This agrees with others who found no effect of E+ treatment at TN on RR (Hemken et al., 1981; Osborn et al., 1992) or respiratory volume (Aldrich et al., 1993) . Again, there is limited evidence of a fescue toxicosis-induced change at TN in variables associated with thermoregulatory ability.
Feed Intake. A commonly reported and critical effect of fescue toxicosis is the reduction in FI, and consequent decrease in productivity. Feed intake in the present study was not different (P > 0.05) across days or treatment groups before the start of treatment (Figure 4) . A reduction (P ≤ 0.05) in FI occurred as a function of day, with a decrease from d 3 to 5 to 9. However, control steers exhibited (P > 0.05) no FI change from d 3 through 9. In contrast, E+ high animals displayed a reduction (P ≤ 0.05) from d 3 level to 4, and again to d 9. Animals on the E+ low diet also reduced FI, but it was not signifi cant from the start of treatment on d 3 until d 6, and remained below d 3 level just before HS on d 9. Although there were differences in the time frame of FI change for E+ high and low groups, the overall pattern of response was similar (Figure 4 ). Other cattle studies using whole E+ seed diets have found no evidence of a signifi cant reduction in FI at TN (Hemken et al., 1981; Aldrich et al., 1993; Burke et al., 2001) . In 1 study (Osborn et al., 1992) , there was an appearance of a fescue toxicosis-induced reduction in FI (E-at 6.69 kg/d vs. E+ at 4.28 kg/d), but the fi nding was not signifi cant.
One major difference between the earlier cattle studies and the present one is that whole fescue seed or forage was used, and the current study used ground seed. Studies of fescue toxicosis using rats have also shown a signifi cant reduction in FI at TN when fed a ground E+ diet (Roberts et al., 2002; Spiers et al., 2005a) . It is possible that because the seed is ground, the ergopeptine alkaloids responsible for the reduction in FI associated with fescue toxicosis are more readily available for oral or intestinal absorptions. Spiers et al. (2005a) did not attribute the reduction in FI to differences in palatability or texture, since the control diet also used E-ground seed. It remains to be determined if the reduced FI associated with fescue toxicosis is comparable to anorexic behavior noted with certain illnesses.
From the present study, it is apparent that at TN the control of FI is more responsive to these toxins than is the control of thermoregulatory ability, and that the suppression of appetite is not due to a change in core body temperature. The possibility exists that the FI reduction and hyperthermia that characterize fescue toxicosis are mediated by different pathways or different toxins.
Serum Prolactin and Leptin. Serum prolactin is depressed in cattle consuming E+ fescue (Thompson et al., 2001) . It is often used as evidence of fescue toxicosis and an indicator of the impact of these ergopeptine alkaloids on pituitary function (Thompson et al., 2001) . In the present study, serum prolactin concentration did not change (P > 0.05) after 7 d of E+ treatment at TN ( Figure 5 ). This result is controversial in that while Burke et al. (2001) noted no effect of E+ treatment on serum prolactin at TN, Aldrich et al. (1993) observed a reduction of plasma prolactin after approximately 4 d on an E+ treatment diet. These differences in response could be attributed to different doses of ergopeptine alkaloids or duration of exposure between studies. In the present study, the lack of an effect of either low or high E+ treatment on serum prolactin at TN occurred at the same time that there was a reduction in FI (P ≤ 0.05), which was noted as early as 1 or 3 d on high or low E+ diets, respectively. This would suggest that under this ambient condition, FI is a more sensitive indicator of fescue toxicosis than a reduction in serum prolactin.
The protein leptin is known to be a metabolic signal that produces a decrease in FI in many animal systems (Friedman and Halaas, 1998; Barb, 1999) . Serum leptin concentrations in the present study increased (P ≤ 0.05) after 7 d on the treatment diets at TN ( Figure 5 ). However, there was no effect of E+ treatment at either low or high levels on leptin concentrations. To our knowledge, there are no studies of the effect of either an E+ diet or ground fescue seed on serum leptin concentration. Additional studies are needed to verify the lack of an E+ effect at TN.
Heat Stress Response
General. A large portion of earlier studies of fescue toxicosis, conducted under TN and HS conditions, show different responses in the 2 thermal environments, with usually an increase in the magnitude of response (e.g., reduced FI, hyperthermia) in the HS environment. Heat stress conditions in the present study were established by d 12 and remained in effect until the end of the study on d 25. Average daily T a changed only slightly during the HS period, with average minimum and maximum values across days being 24.81 ± 0.04 and 36.00 ± 0.05°C, respectively (Figure 1) . The average daily cycle in T a during HS was 29.7°C (0600 h) to 34.1°C (1100 h) to 34.7°C (1600 h) to 27.7°C (2100 h) for the 4 sample points and different (P ≤ 0.05) for each time of day. The temperature humidity index (THI) was calculated for the HS period using the equation of Thom (1959) , where THI = t dry bulb + 0.36t dewpoint + 41.2, and t equals temperature (°C). Daily average minimum and maximum THI values across the HS period were 71.61 ± 0.07 and 83.78 ± 0.05, respectively. Rectal Temperature Heat Stress Response. There was an increase (P ≤ 0.05) in average daily T re of steers in the present study from TN level on d 9 (38.8°C) to a plateau on d 12 to 14 (40.0°C) when the HS cycle was fi rst established ( Figure 2) . This pattern and level of increase in T re was similar to that reported earlier for normal steers exposed to cycling HS (Leonard et al., 2001) . Average daily T re continuously decreased (P ≤ 0.001) from the peak on d 13 (40.1°C) to 25 (39.1°C), without any sign of stabilization. This continued reduction in T re after 2 wk of exposure to HS suggests that adaptation is a long process. Leonard et al. (2001) found that intraperitoneal temperature continued to decrease in the hot environment, even after repeated shifts from HS to TN conditions. Hahn et al. (1974) reported that it takes steers more than 2 wk to compensate for conditions resulting in mild HS and that they never fully compensate when conditions become extreme.
There were no overall day by hour by treatment effects during the HS period (P = 1.00) to suggest that the effect of ground E+ seed on T re in the heat was minor. In general, T re increased (P ≤ 0.001) from 0600 (39.2°C) to 1100 (39.7°C) to 1600 h (40.1°C), then declined to 2100 h (39.8°C), with no difference (P > 0.05) between 1100 and 2100 h values, as T a increased and decreased, and no reliable difference in this pattern across treatment groups.
Although there was no day by hour effect of treatment on T re , there were differences (P ≤ 0.0001) based on average daily values. The only daily effect of E+ diet on T re was on the last day (i.e., d 25), when the E+ low group was more than (P = 0.016) control level by only 0.15°C ( Figure 2) ; this was considered to be of little physiological signifi cance.
It was apparent from Figure 2 that there might be a difference in the pattern of T re response to HS over time. To detect this pattern, the data were analyzed using 6 specifi c days to represent stable values at TN (i.e., d 8), followed by early HS (i.e., d 12) and then the entire period of adaptation that included d 15, 18, 21, and 24. The fi rst T re comparison grouped low and high E+ groups together to compare against the control group. There were no treatment (P = 0.90), hour by treatment (P = 0.0.97), or day by hour by treatment effects (P = 1.00). However, there was a day by treatment effect (P = 0.0001), with the difference being in the pattern of change. Control animals increased T re by 1.10°C from TN (P ≤ 0.05) to early HS on d 12. A further increase of 0.23°C occurred at d 15 (T re = 40.05°C). However, this was not signifi cant (P > 0.05). After this time, T re rapidly decreased 0.48°C (P ≤ 0.05) to a plateau on d 18 to 21, followed by an additional drop of 0.50°C (P > 0.05) on d 24. Animals receiving E+ treatment (i.e., high and low E+ groups combined) began at the same T re as controls on d 8 (i.e., 38.70°C; P > 0.05). However, T re increased 1.40°C to d 12 (P ≤ 0.05), followed by a decrease to a plateau on d 15 (ΔT re = 0.42°C), where it remained until d 21. As seen for controls, there was an additional reduction from d 21 to 24 (ΔT re = 0.40°C) for the E+ group, with a fi nal T re that was not different from control level (i.e., 39.25 vs. 39.11°C; P > 0.05). In general, E+ treatment resulted in animals increasing T re more rapidly than controls in responses to HS and, likewise, exhibiting a more rapid reduction in T re over time with HS adaptation. It is apparent that these differences across treatment groups were related to the magnitude of the high T re on d 12. By d 18, there were no differences among groups (P > 0.05). The magnitude of this response did not increase signifi cantly with dose, as expected, and was not as large as noted in recent studies (Al-Haidary et al., 2001; Burke et al., 2001) . Others have reported an average HS-induced increase in T re of 0.5 to 0.7°C (Osborn et al., 1992; Aldrich et al., 1993) . In fact, Hemken et al. (1981) noted that Holstein calves exhibited a T re dose response with 39.1 to 40.2°C on the low dose and 39.1 to 41.1°C on the high dose. In a recent study using whole endophyte-infected tall fescue seed at the same EV dose as in the present study, there was a 0.5°C greater initial increase in rectal temperature compared with control animals. This level then returned to control level within 3 d. A comparison of these similar studies would suggest that cattle fed the endophyte-infected diet display a more rapid change in core temperature with air temperature, with the less pronounced response being a change in absolute core temperature level.
Skin Temperature Heat Stress Response. Exposure to HS resulted in an expected increase in skin temperatures at the 4 measured sites. In each case, there was an increase in the daily average for a site from d 9 to 12 (Figure 3 ; P ≤ 0.05). What was unexpected was the reduction in skin temperature at these sites from d 13 to a consistently constant low point on d 23 to 25 (Figure 3 ) that occurred in the absence of a decrease in T a (Figure 1 ). The range of the reduction in mean daily skin temperature across the 4 sites from d 12 to 25 was 0.89 to 0.95°C.
Fescue toxicosis and HS differences across the 4 skin sites were analyzed by comparing the responses from d 12 (i.e., peak HS response) to the end of the study on d 25 (Figure 3 ). There were only a few effects that might be attributable to fescue toxicosis, with no treatment or treatment by day effects for any site (P > 0.05). Interestingly, there were site by treatment by hour differences over this time period. For the shoulder, rump, and tail sites, these differences were P = 0.042, 0.006, and 0.013, respectively, with the primary difference being between control and high E+ groups. In no instance was there a difference between control and low E+ animals to exhibit one of the few dose differences in response. The only time of day when the treatment differences were observed was at 2100 h (i.e., when T a is decreasing). All 3 sites exhibited both statistically and physiologically signifi cant differences at this time, with the skin temperatures of high E+ animals being less than control level at 0.76, 0.87, and 0.62°C for ear, shoulder, and rump sites, respectively (Figure 6 ). There was no treatment effect on the ear site temperature for any comparison. Other studies have provided evidence that intake of an E+ fescue diet by cattle reduces peripheral heat loss under hot conditions (Al-Haidary et al., 2001; Rhodes et al., 1991; Solomons et al., 1989) . More recently, Scharf et al. (2012) reported that Angus steers on an E+ fescue diet in the heat had lower appendage and trunk skin temperatures than control animals at 0600 and 2100 h, which was the coolest time of the day. The results of the present study and others suggest that the greater reduction in skin temperature of E+ animals during the down cycle for the daily T a is a sensitive indicator of fescue toxicosis that does not show signs of adaptation, as is the case for T re and FI.
Skin temperature data were also analyzed using the 6 periods, as described previously, for T re to detect pattern differences in response. In no comparison across any skin site was there a difference (P > 0.05) between control animals and either high or low E+ animals. This is likely because the combination of TN and HS values results in an increase in variance for skin temperature that abolishes any treatment differences.
Respiration Rate Heat Stress Response. One important avenue for heat loss during HS is respiratory evaporation, which is generally characterized by an increase in RR. In fact, it is often thought that an increase Period was averaged by location, treatment, and hour of day. The asterisk shows the times where E-control and E+ high treatments were different (P ≤ 0.05) for a particular site. There were no differences between E-control and E+ low treatments at any hour or location (P > 0.05). Vertical lines indicate ± 1 SE.
in RR precedes an increase in core body temperature with exposure to HS (Hahn, 1999; Scharf et al., 2010) in an effort to maintain thermal balance. Average RR of steers in the 3 treatments in the present study increased rapidly (P ≤ 0.0001) from d 9 at TN to early HS peak level of 122 bpm on d 14 (Figure 2 ). After this time, there was a gradual reduction (P ≤ 0.05) to 109 bpm at d 19, which continued to 100 bpm at d 25. Average daily change in RR during the entire HS period (i.e., d 12 to 25) increased (P ≤ 0.0001) from 97 bpm at 0600 h to 119 and 126 bpm at 1100 and 1600 h, respectively. The reduction in T a after this time resulted in a signifi cant reduction in RR to 105 bpm at 2100 h.
Comparisons of RR for the control group with the individual and collective E+ groups (i.e., high and low E+ groups combined) from d 9 to 25 showed no treatment differences (P > 0.05) when compared across days and hours of day. A comparison of control vs. high and low E+ diets showed no effect (P > 0.05) on RR ( Figure 2 ) during HS (i.e., d 12 to 25), with average values for the entire period being 116, 110, and 112 bpm for control, high E+, and low E+, respectively. Likewise, the pattern for the daily increase in RR, using the 6 time points described earlier, from 0600 to 1600 h and then the decrease at 2100 h, was similar across treatments (P > 0.05). The overall lack of effect might be due to the fact that there was not a large increase in T re as a result of E+ treatment. Other studies (Hemken et al., 1981; Osborn et al., 1992 ) that have demonstrated a large fescue toxicosis-induced increase in RR are accompanied by an increase in core temperature.
Feed Intake Heat Stress Response. Exposure to HS in the present study resulted in a rapid decrease in daily FI from d 10 to 11 (P ≤ 0.0001), which remained in effect through d 21 (Figure 4 ). After this period, FI returned to TN level for all treatment groups. Day 22 to 25 were greater (P ≤ 0.05) than d 13 to 21, but not different from d 9 or 10. Like the T re response, there appeared to be some adaptation to HS.
A separation of control from the E+ treatment animals showed no change in FI (P > 0.05) from d 9 or 10, which suggests a limited HS effect on this group. In contrast, a comparison of all E+ treatment animals (i.e., high and low E+ groups combined) showed a decrease (P ≤ 0.05) from d 9 and 10, to d 11 through 21 of HS, with a return (P > 0.05) to preheat level after this time. Analysis of FI for the high and low E+ groups separately showed that the low E+ group differed (P ≤ 0.05) from d 10 level on d 13, 14, 15, 17, and 19, whereas the high E+ group was less than (P ≤ 0.05) d 10 level on d 11 and d 13 through 21. In this case, the greater treatment dose resulted in a greater effect.
A comparison of FI between the control level and the combination of both E+ treatment groups showed a difference (P ≤ 0.0003); with the E+ group being less than control level from d 11 to 21. With the separation of E+ treatment groups in comparison with controls, the effect was less obvious. The low E+ group differed (P ≤ 0.05) from control level only on d 13, whereas the high E+ group had a FI that was less than (P ≤ 0.05) the controls on d 14 and d 19 through 21. Between d 21 and 22 for the high E+ group, the FI rebounded (P > 0.05) from 3.4 to 6.9 kg/d to suggest a robust adaptive change while still on E+ treatment. This recovery continued until the end of the study on d 25. Previous studies differ in this fescue-toxicosis response. In some cases, there is a slight reduction in FI (Aldrich et al., 1993; Osborn et al, 1992) , whereas others detect a robust decrease during HS (Hemken et al., 1981; Rhodes et al., 1991) .
The results of the present study show that FI is very sensitive to ground endophyte-infected seed in the diet. It is possible that this mode of administration enhances absorption of ergopeptine alkaloids from the diet to affect FI. With the reduced FI, there is possibly a reduction in the amount of absorbed alkaloids. This may be one reason why there was limited effect on T re at TN or during HS. One conclusion from this study is that it is possible to have a change in 1 of the primary indicators of fescue toxicosis (i.e., FI) without a change in the other (i.e., T re ). In other words, an increased T re with fescue toxicosis is not required to diminish FI under the same condition. Another conclusion is that FI is the more sensitive response and potentially the more reliable indicator of fescue toxicosis in different thermal environments.
Serum Prolactin and Leptin Heat Stress Response. Exposure of lactating animals to HS usually results in an increase in serum prolactin that accompanies hyperthermia (Johnson, 1985) . It is surprising that any change in serum prolactin concentration was noted in HS male animals, since the concentrations are decreased in these animals and the HS-induced increase and fescue toxicosis-induced reduction in prolactin concentration could essentially cancel each other. In the present study, the control group increase in serum prolactin ( Figure 5 ) from TN level was only 11.00 ± 4.72ng/mL (P > 0.05), which suggests no impact of HS. Likewise, there was no change (P > 0.05) in values for the low E+ group during HS. Although the high E+ group did not decrease (P > 0.05) prolactin concentration from the value at TN, it was reduced (P ≤ 0.05) from early (d 15) to late HS (d 23) by 18.86 ± 4.72 ng/mL. More importantly, the high E+ level was 33.30 ± 4.72 ng/mL less than control level on the last sample day (P ≤ 0.05) to clearly identify fescue toxicosis at this point. In this study, the prolactin response to ergopeptine alkaloids seemed slow, requiring at least 1 wk of HS to exhibit a reduction and might be due to the fact that steers were used.
Short-term HS (d 15) in the present study produced a slight increase (0.49 ± 0.38 ng/mL; P > 0.05) in serum leptin from pre-HS levels, which occurred when FI was in decline. However, this was followed by a reduction (P ≤ 0.05) of 1.25 ± 0.38 ng/mL over the next week of HS (D 23; Figure  5 ), when FI of E+ treated animals were returning to normal concentrations. There was no difference (P > 0.05) in serum leptin across treatment groups on any sample day. Leptin is consistently reported to increase in animals exposed to HS. This includes lactating pigs exposed to a mild heat of 28°C (Renaudeau et al., 2003) and mice (Morera et al., 2012) and pigeons (Al-Azraqi, 2008 ) at a greater level of 34 to 35°C. It is interesting, and yet consistent with the literature, that the pattern for the slight increase in serum leptin followed by a decline with continued HS mirrored the change in FI for E+ animals. More research with larger numbers of animals is required to identify the connection between leptin and fescue toxicosis-induced reduction in FI.
Conclusions
Diets containing ground endophyte-infected tall fescue seed at 2 different levels of ergovaline were fed to cattle exposed to HS to identify sensitivity of selected physiological indicators of fescue toxicosis. A reduction in FI, unaccompanied by a shift in body temperature or blood prolactin level, was observed in cattle fed endophyte-infected fescue at thermoneutrality. Heat exposure initially increased this effect on FI, followed by a recovery after >10 d of HS. Coincidentally, blood leptin concentrations were reduced at the end of heat exposure for all animals to suggest a possible connection with the recovery in FI. The standard fescue toxicosisinduced increase in core body temperature in the heat and reduction in blood prolactin level were both reduced using ground fescue seed compared with the response using whole seed. It is likely that the pronounced reduction in FI on the ground seed diet contributed to this effect to indicate that this was the more rapid response and possibly the more sensitive one. However, thermal differences in response to HS were evident. This included a greater core temperature increase during initial HS for animals on the infected diet that rapidly returned to control level and a larger reduction in skin temperature with air temperature for various sites throughout the HS period. It is apparent from these results that exposure to continuous HS masks the impact of fescue toxicosis thermoregulatory ability, which is only apparent with rapid shifts in air temperature.
Implications
Intake of fescue toxicosis results is a rapid reduction in FI at TN and in the heat that may be unrelated to shifts in thermal status or circulating prolactin concentrations. It is possible that the sensitive FI response may coincidentally diminish other traditional responses with a reduced infl ux of critical ergot alkaloids. Even so, there are hidden changes in thermoregulatory ability that are masked during constant HS but unmasked with changes in the thermal environment.
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